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Claims 



What is claimed is: 



^ 1 . & method for bonding a first substrate surface to a second substrate surface 
comprising! 

(a) providing a catalyst at the first substrate surface; 

(b) j|roviding a metathesizable material between the first substrate surface and the 
secorip substrate surface or providing a metathesizable material as a component of 
the setond substrate; and 

(c) contacting the catalyst on the first substrate surface with the metathesizable 
material so that the metathesizable material undergoes a metathesis reaction and 
bonds tlie first substrate surface to the second substrate surface. 

2. A method according to claim 1 wherein at least one of the substrates comprises 
an elastomeric material. 



thermoplastic el as 



3/ A method according to claim 2 wherein the elastomeric material is a 



omer. 



4. \Ajjj6thdd according to claim 1 wherein one of the first or second substrates 
comprises a metallic material and the other first or second substrate comprises an 
elastomeric material. 



5. A methodlaccording to claim 4 wherein the metallic material comprises steel 
and the elastomeric material is selected from natural rubber, polychloroprene, 
polybutadiene, polyisbprene, styrene-butadiene copolymer rubber, acrylonitrile-butadiene 
copolymer rubber, ethylene-propylene copolymer rubber, ethylene-propylene-diene 
terpolymer rubber, butyl rubber, brominated butyl rubber, alkylated chlorosulfonated 
polyethylene rubber, Iwdrogenated nitrile rubber, silicone rubber, fluorosilicone rubber, 
poly(n-butyl acrylate),lthermoplastic elastomer and mixtures thereof. 
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6. A methop according to claim 1 wherein the first substrate comprises a tire 
carcass and the secAnd substrate comprises a tire tread. 

7. A method according to claim 1 wherein step (b) comprises applying the 
metathesizable material to the second substrate surface and step (c) comprises contacting 
the catalyst on the fir^ substrate surface and the metathesizable material-applied second 
substrate surface. 



III 

U 
SI 



8. A method according to claim 1 wherein at least one of the substrates is 
substantially cured elastomeric material. 

9. A method accoi ying tcjclaim 4 wherein the elastomeric material is 
substantially curdd. 



jU 15 10. A method accord[ir|£ to claim 1 wherein step (c) occurs at room temperature. 

ru 

H' 1 1 . A methdiKaccefQiyig t<^£laimJ---wherein steps (a)-(c) occur at room 

vD 

jfj temperature. 



20 12. A method according to claim 6 wherein initial bonding in step (c) occurs 

within one hour. 

13. A method according to claim 1 wherein step (a) comprises applying a catalyst 
onto the first substrate surface. 



25 



14. A method according to\claim 13 wherein the catalyst is dissolved or mixed 
into a liquid carrier fluid. 



15. A method according to ckim 13 wherein the catalyst is included as a 
30 component in a multi-component composition. 
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16. A methomaccording to claim 1 wherein the catalyst is included as a 
component of the first substrate. 

17. A method according to claim 7 wherein the metathesizable material is in the 
form of a liquid, paste on meltable solid. 

18. A method according to claim 7 wherein the metathesizable material is 
included as a component im a multi-component composition. 



19. A method according to claim 1 wherein the metathesizable material is 
included as a component oj^rg^etxjnd substrate. 

/ „ . .. / . L Y 

zu. /\ metnojj ior Donpmg a metallic substrate surtace to an elastomenc substrate 
surface comprising 

(a) applying! a catalyst to ttfe metallic substrate surface; 

(b) applying\a metathestaaWe material to^ttfe elastomeric substrate surface; and 

(c) bringing thfevUieteHlq substrate surface and the elastomeric substrate surface 
together to contact the catalyst and the metathesizable material. 



21 . A method according to claim 20 wherein step (c) occurs at room temperature. 

22. A method according totclaim 20 wherein the elastomeric substrate is a 
substantially cured elastomeric material. 

23. A method according to claim 1 wherein the catalyst is selected from at least 
one of a rhenium compound, ruthenidm compound, osmium compound, molybdenum 
compound, tungsten compound, titanium compound, niobium compound, iridium 
compound and MgC^. 



24. A method according to claim 23 wherein the catalyst is selected from a 
ruthenium compound, a molybdenum compound, iridium compound and an osmium 
compound. 
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25. A methoc 
represented by 



according to claim 24 wherein the catalyst has a structure 



M=C 
x I R 



wherein M is Os, Ru or Ir; each R is the same or different and is H, alkenyl, alkynyl, 
alkyl, aryl, alkaryl, aralkyl, carboxylate, alkoxy, alkenylalkoxy, alkenylaryl, 
alkynylalkoxy, aryloxy, alkoxycarbonyl, alkylthio, alkylsulfonyl or alkyl sulfinyl; X is the 
same or different and i c -cHi ^ q ~T"n. on i c li<?and iroum and \r the ?.ame or -different and i. c . a 
neutral electron don^rgrou^ 

26. A met lod acconjUng to claim 25 wherein X is CI, Br, I, F, CN, SCN, or N 3 ; L 



is P, AASb or N; R^ 



, cycloalkyl, alkyl, aryl, alkoxy, arylate or a 

i 



is Q(R ) a wherein 

heterocyclic ring; aiftkaris^l, 1 or 3^M is Ru; and R 1 is H, phenyl, -CH=C(phenyl) 2 , - 
CH=C(CH 3 ) 2 or -C(CH 3 ) 2 (phlnyl) 



27. A method according to claim 26 wherein the catalyst is a phosphine- 
substituted ruthenium carbene. 

28. A method accordingUo claim 27 wherein the catalyst is 
bis(tricyclohexylphosphine)benzylidene ruthenium (IV) dichloride. 

29. A method according to claim 1 wherein the catalyst is stable in the presence 
of moisture and oxygen and can inutiate polymerization of the metathesizable material 
upon contact at room temperature. 



30. A method according to claim 1 wherein the metathesizable material includes 
at least one reactive unsaturated functional group. 
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31. A mdjthod according to claim 30 wherein the metathesizable material 
comprises an olefin . 

32. A method according to claim 31 wherein the metathesizable material is 
selected from ethene, cx-alkene, acyclic alkene, acyclic diene, acetylene, cyclic alkene, 
cyclic polyene and mixtures thereof. 

33. A metho^ according to claim 32 wherein the metathesizable material 
comprises a cyclook 



34. A i™6thod^3^cording-to-cl£*ini' 33 wherein the metathesizable material is a 
monomer or oligomer sfcleated from norbornene, cycioalkene, cycloalkadiene, 
cycloalkatrienei cycloalmt&traene, aromatic-containing cycloolefin and mixtures thereof. 



35. A method according to claim 34 wherein the metathesizable material is a 
norbornene monomer or oligomer. 

36. A method according to claim 35 wherein the norbornene has a structure 
represented by 
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wherein X is CH 2 , CHR J , <p(R J )2, O, S, N-R J , P-R J , 0=P-R J , Si(R J ) 2 , B-R 3 or As-R 3 ; each 
R l is independently H, CHL, alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alkyl, lhalogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, kelo, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R 2 is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R 3 is 
alkyl, alkenyl, cycloalkyl, cyclpalkenyl, aryl, alkaryl, aralkyl or alkoxy.. 

37. A method according to claim 36 wherein the metathesizable material 
comprises ethylidenenorbornena monomer or oligomer. 

38. A method according rp claim 1 wherein the metathesizable material comprises 
liquid ethylidenenorbornene monomer. 
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39. A method according to claim 1 wherein the catalyst is applied in an aqueous 
solution or mixture and the metathesizable material is applied in the form of a liquid that 
is substantially BOO percent reactive. 

40. A method according to claim 1 wherein the method is substantially free of the 
use of volatile organic solvents. 

41. A method according to claim 20 wherein the metathesizable material 
comprises norbornepe monomer or oligomer having a structure represented by 
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* 



or 



X T>2 



wherein X is CH 2 , CHR 3 , C(R 3 ) 2 , O, S, N-R 3 , P-R 3 , 0=P-R 3 , Si(R 3 ) 2 , B-R 3 or As-R 3 ; each 
R 1 is independently lA CH 2 , alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated halogenated alkenyl-, alkoxy, oxy alkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-qpntaining group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydfox% keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R 2 is a/used arpmauc, aliphatic or heterocyclic or polycyclic ring; and R 3 is 
alkyl, alkenyl, oycloalkvlAcycloalkenyl, aryl, alkaryl, aralkyl or alkoxy; and the catalyst is 
selected from a mthenii|m\compounc^ a molybdenum compound and an osmium 
compound. 



42. A method according to claim 41 wherein step (c) occurs at room temperature. 



43. A method according to claim 1 wherein step (a) comprises applying a 
ruthenium catalyst in a liquid carrier to the first substrate surface, step (b) comprises 
applying a metathesizable liquid norbornene monomer to the second substrate surface and 
step (c) comprises contacting the catalyst- applied first substrate surface and the monomer- 
applied second substrate surface. 



/ 



44. A method for bonding a tire tread to a tire carcass comprising: 

(a) applying a catalyst to the tire tread or tire carcass; 

(b) applying a metatheaizable material to the tire tread or tire carcass; and 



60 



Attorney Docket No. IH^M(ET) 




(c) dontacting the catalyst-applied tire tread or tire carcass and the metathesizable 
material-applied tire tread or tire carcass together so that the metathesizable material 
undergoes a metathesis reaction and bonds the tire tread to the tire carcass. 

45. A method according to claim 44 wherein step (c) occurs at room temperature. 

46. A method according to claim 44 wherein the tire tread comprises precured 
retread stock. 

47. A methV>d according to claim 44 wherein the metathesizable material 
comprises norbornene monomer or oligomer having a structure represented by 
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wherein X is\CH 2 , CHR 3 , C(R 3 ) 2 , O, S, N-R 3 , P-R 3 , 0=P-R 3 , Si(R 3 ) 2 , B-R 3 or As-R 3 ; each 
R 1 is independently H, CH 2 , alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogLenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)4prylate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitroAhydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imido; R is avfyscd aromatic, aliphatic or heterocyclic or polycyclic ring; and R is 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl or alkoxy; and the catalyst is 
selected from a ru\henium compound, a molybdenum compound and an osmium 
compound. 

48. /\ methcfcd Recording to claim 44 wherein the catalyst is applied to the tire 
carcass andlthe metaMesizable material is applied to the tire tread. 

49. A method according to claim 13 wherein the catalyst is applied so that it is in 
direct contact with the first substrate surface. 

/ 50. A method fd^* adhering a material to a first non-fibrous substrate surface 
comprising: 

(a) providing a catalyfet at the first non-fibrous substrate surface; and 

(b) contacting the catalyst on the non-fibrous substrate surface with a material that 
undergoes a metathesis reaction upon contact with the catalyst to adhere the 
material to the first Vion-fibrous substrate surface. 



5 1 . A method according to claim 50 wherein the catalyst is applied so that it is in 
direct contact with the first n©n-fibrous substrate surface. 
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method according to claim 50 wherein the metathesizable material forms a 
coatirig dif^ly^op^fhe first non-fibrous substrate surface. 

1/^3- A method for providing a coating on a substrate surface comprising: 
5 ^Pj/ providing a catalyst at the substrate surface; and 

(b\ contacting the catalyst on the substrate surface with a material that undergoes 
a rpptathesis reaction to form a coating on the substrate surface. 

6^1 V 

I 3A. A method according to claim 53 wherein the coating is formed directly on the 
10 substrate surface. 

\OAsjiethod according to claim 53 wherein the coating has a thickness that is 
W ) 

less tnau \ue tmckness' of the substrate. 



m 15 J Q | ^6. A method according to claim 53 wherein the substrate comprises a 
substantially cured elastomeric material. 



57. A method according to claim 56 wherein the elastomeric material is a 
thermoplastic elastomer. 



20 



ipSfPA method according to claim 53 wherein step (b) occurs at room temperature. 

Yj? \ 59. A method according to claim 53 wherein steps (a)-(b) occur at room 
temperature. 
25 i / \ 

n \j~ / 60. A method according to claim 53 wherein step (a) comprises applying a 
catalyst onto the substrate surface. 

61 . A method according to claim 60 wherein the catalyst is dissolved or mixed 
30 into a liquid carrier fluid. 
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62. A method according to claim 60 wherein the catalyst is included as a 
component in a multi-component composition. 

^/ I ^ met hod according to claim 53 wherein the catalyst is included as a 
5 coijnponfent of the substrate. 



64. A method according to claim 56 wherein the elastomeric material is selected 
from natural rubber, polychloroprene, polybutadiene, polyisoprene, styrene-butadiene 
copolymer rubber, acrylonitrile-butadiene copolymer rubber, ethylene-propylene 
10 copolymer rubber, ethylene-propylene-diene terpolymer rubber, butyl rubber, brominated 
butyl rubber, alkylated chlorosulfonated polyethylene rubber, hydrogenated nitrile rubber, 
silicone rubber, finnrosilicone rubber. polyCn-butyl acrylRtc) ; theimonl astir, elastomer and 
mixtures thereof. 



15 ^ V J \65. A method according to claim 53 wherein the catalyst is selected from at least 
one of a rhenium compound, ruthenium compound, osmium compound, molybdenum 
compound, tungsten compound, titanium compound, niobium compound, iridium 
compound and MgC^. 

20 66. A method according to claim 65 wherein the catalyst is selected from a 

ruthenium compound, a molybdenum compound, an iridium compound and an osmium 
compound. 

67. A method according to claim 66 wherein the catalyst has a structure 
25 represented by 



X x | R 

x I R 

L 
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wherein M is Os, Ru or Ir; each R is the same or different and is H, alkenyl, alkynyl, 
alkyl, aryl, alkaryl, aralkyl, carboxylate, alkoxy, alkenylalkoxy, alkenylaryl, 
alkynylalkoxy, aryloxy, alkoxycarbony], alkylthio, alkylsulfonyl or alkylsulfinyl; X is the 
same or different and is an anionic ligand group; and L is the same or different and is a 
neutral electron donor group. 



68. A method according to claim 67 wherein X is CI, Br, I, F, CN, SCN, or N 3 ; L 
is Q(R 2 ) a wherein Q is P, As, Sb or N; R 2 is H, cycloalkyl, alkyl, aryl, alkoxy, arylate or a 
heterocyclic ring; and a is 1, 2 or 3; M is Ru; and R 1 is H, phenyl, -CH=C(phenyl) 2 , - 
CH=C(CH 3 ) 2 or -C(CH 3 ) 2 (phenyl). 

69. A method according to claim 68 wherein the catalyst is a phosphine- 
subs titrated ruthenium carbene. 



70. A method according to claim 69 wherein the catalyst is 
bis(tricyclohexylphosphine)benzylidene ruthenium (IV) dichloride. 

J \0 7 Vl . A method according to claim 53 wherein the catalyst is stable in the presence 
of moisture and oxygen and can initiate polymerization of the metathesizable material 
upon contact at room temperature. 




A method according to claim 55 wherein the metathesizable material includes 
at least ope reactive unsaturated functional group. 



73. A method according to claim 72 wherein the metathesizable material 
comprises an olefin. 

74. A method according to claim 72 wherein the metathesizable material is 
selected from ethene, a-alkene, acyclic alkene, acyclic diene, acetylene, cyclic alkene and 
cyclic polyene and mixtures thereof. 
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/ y A method according to claim 53 wherein the metathesizable material 

comprises a cycloolefin. 



76. A method according to claim 75 wherein the metathesizable material is a 
5 monomer or oligomer selected from norbornene, cycloalkene, cycloalkadiene, 

cycloalkatriene, cycloalkatetraene, aromatic-containing cycloolefin and mixtures thereof. 

77. A method according to claim 76 wherein the metathesizable material 
comprises a norbornene having a structure represented by 



10 




or 




15 



or 



X 



R 



R 



R 



R 




,2 



R 



or 



20 
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X r>2 



fen!; 

S' 

n \ 

a 

£\ 



10 



wherein X is CH 2 , CHR , C(R 3 ) 2 , O, S, N-R , P-R 3 , 0=P-R 3 , Si(R 3 ) 2 , B-R 3 or As- 
R 3 ; each R l is independently H, CH 2 , alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, 
alkaryl, aralkyl, halogen, halogenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, 
carboxyl, carbonyl, amido, (meth)acrylate-containing group, anhydride-containing group, 
thioalkoxy, sulfoxide, nitro, hydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, 
silanvl. cvano or imido: R is a fused aromatic, aliohatic or heterocvclic or nolvr.vrlir. 

- x ^ X.' J ~ J 

ring; and R 3 is aikyi, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl or alkoxy. 



78. A method according to claim 77 wherein the metathesizable material 
comprises ethylidenenorbornene monomer or oligomer. 

1 

<s V / I 79. A method according to claim 53 wherein the metathesizable material is in the 
15 form c|f a liquid. 



80. A method according to claim 53 wherein the metathesizable material is a 
component of a multi-component composition. 

20 I 81. A method according to claim 53 wherein the catalyst is applied in the form of 

an aqileous solution or mixture and the metathesizable material is applied in the form of a 
liquidjthat is substantially 100 percent reactive. 

82. A method according to claim 53 wherein the method is substantially free of 
25 the uses of volatile organic solvents. 



53. A method according to claim 53 wherein step (a) comprises applying a 
rutheniup catalyst in a liquid carrier to the substrate surface and step (b) comprises 
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jlying a metathesizable liquid norbornene monomer to the catalyst-applied substrate 



' / surface. 



84. A manufactured article produced by the method of claim 1 . 



10 



H 15 



w 



20 



85. \ A manufactured article that includes a first substrate surface, a second 
substrate surface and an adhesive layer interposed therebetween, wherein the first 
substrate surface comprises an elastomeric material and the adhesive layer comprises a 
metathesis poiymer. 

86. A manufactured article according to claim 85 wherein the second substrate 
surface comnrisas a metallic material. 

' \ 

87. A/manufacture^ article according to claim 85 wherein the metathesis polymer 
is produced from ainorpornene monomer having a structure represented by 
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Si 
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M, 

3_.a. 
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wherein X is (tH 2 , CHR 3 , C(R 3 ) 2 , O, S, N-R 3 , P-R 3 , 0=P-R 3 , Si(R 3 ) 2 , B-R 3 or As-R 3 ; each 
R 1 is independently H, CH 2 , alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, haloge^atcd alky], halogenaied alkenyl, aikoxy, oxyaikyi, carboxyl, cafbonyl, 
amido, (meth)adjrylate-containing group, anhydride-containing group, thioalkoxy, 
sulfoxide, njxi^riaydroxy, keto, carbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 
or imid<5; R 2 is a mised aromatic, aliphatic or heterocyclic or polycyclic ring; and R 3 is 



alky 



alkenyl, cyclop 



88. A manul 



/\ 9 cycloalkenyl, aryl, alkaryl, aralkyl or aikoxy. 



ctured article according to claim 87 wherein the norbornene 



15 mono^ner comprise^ etn^idenenopbornene. 

89. A manufactured article according to claim 85 wherein the elastomeric 
material comprises a thermoplastic elastomer. 

. 20 ^ 90. A tire laminate comprising a tire carcass have an outer periphery surface, a 

tire tread having a bonding surface, and a metathesis polymer adhesive layer between the 
outer periphery surface of the tire carcass and the bonding surface of the tire tread. 



91 . A tire laminate according to claim 90 wherein the metathesis polymer is 
25 produced from a norbornene monomer having a structure represented by 
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wherein X is CH 2 , CHR 3 , QR 3 ) 2 , O, S, N-R 3 , P-R 3 , 0=P-R 3 , Si(R 3 ) 2 , B-R 3 or As-R 3 ; each 
R 1 is independently H, CH 2 ,\alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, alkaryl, aralkyl, 
halogen, halogenated alkyl, halogenated alkenyl, alkoxy, oxyalkyl, carboxyl, carbonyl, 
amido, (meth)acrylate-contaimng group, anhydride-containing group, thioalkoxy, 
sulfoxide, nitro, hydroxy, ketoAcarbamato, sulfonyl, sulfinyl, carboxylate, silanyl, cyano 



\ 
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or imido; R 2 is a fused aromatic, aliphatic or heterocyclic or polycyclic ring; and R 3 is 
alkyl, alken5lTc^|oalkyl, cycloalkenyl, aryl, alkaryl, aralkyl or alkoxy. 

92. A manufactured article according to claim 91 wherein the norbornene 
5 monomer cWi^rises ethylidenenorbornene. 

k i 

^O^y 193. A method according to claim 53 wherein step (b) comprises contacting the 
substrata surface multiple times with the metathesizable material so as to form multiple 



coating layers. 

94. A method according to claim 93 wherein an active amount of catalyst remains 
on the substrate surface after each successive coating sufficient to polymerize the 
subsequent application of the metathesizable material. 




15 v5. A method according to claim 24 wherein the catalyst comprises a bimetallic 

catalyst paving a structure represented by 

L-M- | / ) 
' Ru=C 

PCy 3 H 

wherfein L is p-cymene or 1 ,3-di-t-butylcyclopentadiene an( j m j s r Uj Os or Rh. 

96. A method according to claim 66 wherein the catalyst comprises a bimetallic 
20 catalyst having a structure represented by 



^-1 Y° x y/ 

PCy 3 H 



wherein L is p-cymene or 1 ,3-di-t-butylcyclopentadiene and M is Ru, Os or Rh. 
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97 

represented 



A method according to claim 24 wherein the catalyst has a structure 




= cmr 



wherein "MJ^M^> or W; X is O or S; R 1 is an alkyl, aryl, aralkyl. alkaryl. haloalkyl, 
haloaryl, haloaraikyl, or a siliccn-containing analog thereof; R 2 are each individually the 
same or different and are an alkyl, aryl, aralkyl, alkaryl, haloalkyl, haloaryl, haloaraikyl, or 
together form a heterocyclic or cycloalkyl ring; and R 3 is alkyl, aryl, aralkyl or alkaryl. 

98. A method according to claim 66 wherein the catalyst has a structure 
represented by 



R 1 



N 



„/ X M=CHR 3 
R 2 / 



15 R 



wherein M is Mo or W; X is O or S; R 1 is an alkyl, aryl, aralkyl, alkaryl, haloalkyl, 
haloaryl, haloaraikyl, or a silicon-containing analog thereof; R 2 are each individually the 
same or different and are an alkyl, aryl, aralkyl, alkaryl, haloalkyl, haloaryl, haloaraikyl, or 
20 together form a heterocyclic or cycloalkyl ring; and R 3 is alkyl, aryl, aralkyl or alkaryl. 
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